Introduction
The tropical dry forest is one of the most endangered habitats in Colombia. This habitat has been reduced to 1.5% of its original range due to anthropogenic effects (Murphy and Lugo 1986; Ramírez and Tesillo 2001) . New World primates are dependent on arboreal habitats, so habitat loss in this region has caused primates to be restricted to the remaining forest fragments. Although habitat destruction continues to threaten Neotropical primates (Defler 2003; Michalski and Peres 2005) , there are some species that can persist in these disturbed ecosystems (Crockett 1998; Horwich 1998) . The red howler monkey (Alouatta seniculus) is the primate with the largest range of distribution in Colombia (dwelling in habitats from 0 to 3200 meters above sea level) and seems to be the most adaptable of these primates, occurring in habitats with a minimal amount of forest where other species of primates have disappeared (Crockett 1998; Horwich 1998; Defler 2003) . Although A. seniculus is not considered endangered in Colombia (it is categorized as "Low Concern" for this country) (Defler 2003) , populations of this species inhabiting tropical dry forest could be threatened with extirpation due to habitat loss and fragmentation. Although A. seniculus is one of the most studied Neotropical primates, few studies have reported the status of its populations in tropical dry forest fragments (Green 1978; Salazar 2000; Avila and Padilla 2005) . This study reports a survey of A. seniculus in a conserved remnant of tropical dry forest at Hacienda El Ceibal, Municipio de Santa Catalina, Bolívar, Colombia with the aim of estimating density and evaluating population structure of this species in the area. At the study site the Fundación Proyecto Tití (FPT) has carried out long-term investigations on the cotton-top tamarin, Saguinus oedipus, and led conservation activities including community-based programs.
Methods

Study area
Data were collected from the remnant of tropical dry forest (300 ha) at Hacienda El Ceibal (10°37'36" N; 75°14'50"W) located in northwestern Colombia (Figure 1 ). This forest fragment is located in the northern part of the Hacienda El Ceibal and is surrounded by pasture for cattle ranching. The study area has a maximum elevation of 34 m.a.s.l. and temperature ranges from 24 to 38 °C. Rainfall (1200 mm/yr) varies seasonally with two dry seasons, one from January to March and one in December. Ramírez and Tesillo (2001) report that 75-80% of the trees lose their leaves during the dry season of January to March. Although this forest fragment is not a national park or sanctuary, it is under protection for conservation by the Fundación Proyecto Tití since the establishment of biological station in 1999. Three species of primates inhabit this forest fragment: S. oedipus, A. seniculus, and Cebus capucinus. However, of these three primate species, only S. oedipus had been subject of studies in this area.
Data collection
We estimated the density of red howler monkeys following the protocol presented by Peres (1999) . From November 28 to December 1, 2005, five transects ranging from 800 to 1200 m were prepared from south to north in the forest fragment (Fig. 1) . These five transects were walked from December 2005 to February 2006. Transects were walked during 24 days by two observers with an average speed of 1.25-1.5 km/h. At every encounter with red howler monkeys we collected the following data: perpendicular distance (distance between the first animal seen and the transect), group size and location along the transect. Since surveys offer data from brief contact spans (no more than 15 minutes), which can lead to an underestimation of individual density of red howler monkeys (Pruetz and Leasor 2002; Gómez-Posada et al. 2005) , we followed three groups in addition to the transect surveys to obtain a more reliable composition and size of groups (only three groups were followed because of time limitations). During these direct counts the following data were collected: 1) group size, 2) sex of adult individuals, and 3) age of individuals. We followed the characteristics used by Defler (1981) to determine the sex and age of individuals, and divided age into three categories: adults (the sum of adults and subadults), juveniles and infants.
Data analysis
To estimate the density of howler monkeys in the fragment, we initially estimated the group ecological density for each transect, using the following formula:
In which:
; N= number of sightings in each transect. ESW = Effective Strip Width, in m, calculated by the DIS-TANCE 5.0 software release "1" (Thomas et al. 2005) . L = total transect length, in km (the total length walked in each transect).
The formula above was used given that the sample size was not large enough to estimate density accurately with the DISTANCE software (Chiarello and Melo 2001; Palacios and Peres 2005) . The total group density was obtained as the average of ecological density for the five transects. We also estimated the individual density using data from groups followed out of surveys. Individual density was obtained as the product of total group density and average group size of groups followed out of surveys. We calculated the adult sex ratio (adult male:adult female) and the adult female:immature ratio. For the later we used immature as the sum of the "juvenile" and "infant" categories.
Results
Density
A total of 98.9 km was walked and 42 encounters with A. seniculus were recorded at the study area. Three of these encounters were with isolated males and, given that living as solitary individuals is a temporary condition (Gómez-Posada et al. 2005), we did not include these encounters in the analyses to estimate density. With an ESW of 0.016 km we estimated the following ecological densities for each transect: T1: 11.04, T2: 9.70, T3: 1.83, T4: 17.2 and T5: 10.51 groups/km 2 . The total group density estimated for the study site was 10.37 ± 4.43 groups/km². From the three groups followed, we obtained an average group size of 11 ± 5 individuals per group and estimated an individual density of 114.07 ± 22.15 individuals per km 2 . With these density values we estimated a population size of 343 ± 66.45 howlers in 31 ± 13.29 groups in the tropical dry forest at Hacienda El Ceibal.
Group composition
Group composition of the three howler monkey groups followed is presented in Table 1 . We calculated a ratio of 1:1 for both the adult sex ratio and the adult female to immature ratio. 
Discussion
Population density
This study provides the first estimate for population density of A. seniculus in a conserved remnant of tropical dry forest at Hacienda El Ceibal, Bolivar, Colombia. The Colombian tropical dry forest is one of the most endangered habitats in the country, and few red howler monkey populations remain in these forests (Salazar 2000; Defler 2003 ). The tropical dry forest at Hacienda El Ceibal is one of the few remnant fragments in the northwestern coast of Colombia, encompassing approximately 300 hectares of forest under conservation.
Population density of A. seniculus at Hacienda El Ceibal is within the wide range reported for the species, but among the highest densities reported (Table 2 ). These reports show that higher densities of red howler monkeys, and other species of the genus Alouatta, are found in forest fragments than in continuous forest (Chapman and Balcomb 1998; Defler 2003; Gómez-Posada et al. 2005 , 2009 Link et al. 2010; Londoño and Gómez-Posada 2010) . After isolation, forest fragments can act as refuges for primate species that can persist within these disturbed habitats (Defler 1981; Chapman and Balcomb 1998; Gómez-Posada et al. 2005 , 2009 . Folivorous primates, such as red howler monkeys, are expected to adapt better to habitat loss and fragmentation than other primate species (Chapman 1988; Crockett 1996; Defler 2003) . This ability to survive in small fragments may be due to the fact that red howler monkeys can rely on a limited set of plant species, "minimizing energy expenditure" (Strier 1992) . Gómez-Posada and collaborators (2005) reported the highest population density (254 ind/km²) of red howler monkeys at Vereda Montegrande in Caicedonia, Colombia. These authors attributed this value to the high number of individuals inhabiting a small isolated fragment of forest (154 individuals in 60.4 ha). In the present study we estimated a total of 343 ± 66.45 individuals inhabiting 300 ha of isolated forest.
In addition to fragmentation, the protection of the area is another main factor that may be influencing the population density of red howler monkeys at Hacienda El Ceibal.
We suggest that population density of A. seniculus is probably positively influenced by the conservation activities conducted by the Fundación Proyecto Tití at the study site. Although these activities are conducted for the protection of S. oedipus, they have indirectly led to the conservation of the other two primate species, and of all the flora and fauna associated with this forest fragment. Even when conservation efforts are not specifically directed towards howler monkey populations, conservation areas may allow the recovery and conservation of howler monkey populations (Horwich 1998) . For example, Fedigan and Jack (2001) documented the recovery of the mantled howler monkey (Alouatta palliata) population in the 28 years after the establishment of the Santa Rosa National Park in Costa Rica. However, because of lack of data available on population density for A. seniculus before the establishment of the biological station of the Fundación Proyecto Tití we cannot be certain that the howler monkey population inhabiting Hacienda El Ceibal has increased due to conservation activities.
Group composition
We report an adult sex ratio of 1:1 at Hacienda El Ceibal, a value unexpected for this species (Defler 1981; Chapman and Balcomb 1998; Defler 2003) . In red howler monkeys there usually are slightly more adult females than adult males (Defler 1981; Jones 2004) . The data on group composition obtained from the three followed groups included a group containing six males and five female adults. This high number of reproductive individuals of both sexes is not common for the species (Defler 1981; Soini 1992; Chapman and Balcomb 1998) . Crockett (1996) argued that the success of subordinate males in beginning a new group might be restricted by the lack of habitat availability to migrate. Thus, the isolation of the forest fragment may cause howler monkeys to remain in their natal group or to disperse to another established group, which may lead to a crowded population and to a change in the sex ratio. Similar variations in red howler monkey group composition had been found in other forest fragments in Colombia . However, because of the small sample of groups followed in this study we cannot be certain that fragmentation is the cause of altered group structure of red howler monkeys at Hacienda El Ceibal.
It is argued that the ratio of adult female to immature may be used to measure population "health" (Heltne et al. 1976; Defler 1981) . In red howler monkeys, populations with less than 0.75 immatures for each adult female are expected to be in difficulty; on the contrary, populations with higher number of immature individuals per adult female are expected to be stable or expanding (Heltne et al. 1976; Defler 1981) . In this study we found a ratio (adult female: immature) of 1:1 which does not seem to indicate a decreasing population.
In conclusion, the population density of red howler monkeys at Hacienda El Ceibal is high compared to other densities reported in the literature, but is consistent with densities reported in fragmented habitats. This value might be a result of the capacity of the species to inhabit in anthropogenic habitats in conjunction with the protection of the area. However, at this site, there is a need to conduct long-term studies to assess the impact of fragmentation and protection of this area on the existing populations of A. seniculus.
